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步检验本模型的有效性，分别将碱度 (TA) ，溶解无机氮 (DIN) ，溶解无机磷 (DIP) 
的实测值和模型预测值相减得到 ΔTA，ΔDIN，ΔDIP，Δ(Si(OH)4)。其中，ΔTA 在
表观耗氧量 (AOU) 大于 100 µmol/kg 的站位均为负值 (-30~0 µmol/kg) ；ΔDIC 和 


















假设生物作用 (光合作用和呼吸作用) 是导致实测 DIC 和 δ13CDIC偏离模型预测
值的唯一原因，根据浓度和同位素组成的质量守恒，可计算出底层站位的耗氧有机
物的碳同位素组成 (δ13COCx) 为-17 (±3) ‰。以-24.5 (±0.5) ‰和-18.5 (±1) ‰分别作
为陆源和海源有机物的同位素组成，则海源有机物对于缺氧区的有机物贡献在 36-
100%，平均值 86%，陆源有机物贡献的平均值为 14%。 
同时，本文 2011 年 6 月到 2012 年 2 月在厦门大学水库 (情人湖) 开展了一系列
的研究，作为研究缺氧的辅助案例。该研究观测到情人湖 2011 年夏季 3 m 以深存
在严重的缺氧现象，底层 DIC 和 δ13CDIC 垂直分布受控于生物再矿化作用。根据同
位素和浓度质量守恒，假设有机物再矿化作用是导致夏季 DIC 和 δ13CDIC偏离冬季




底层缺氧，而其他来源的有机碳贡献不明显。本论文还观测到 2011 年 8 月 30 日强
降水 15 天内 3~5.5 m 之间的有机物耗氧分解过程，采用类似的计算方法，可以得
到强降水后中层耗氧有机物中的 65% 来源于入流水有机物的直接输入，剩余的 35%
则来自表层新生成有机物。 
两个案例均利用 DIC 和 δ13CDIC 的质量守恒原理，计算公式虽略有不同，但思
路完全一致：长江口缺氧区是基于三端元混合模型计算出 DIC 和 δ13CDIC 的“本底
值”，通过实测值和“本底值”的差值计算出有机物再矿化作用的强度；情人湖缺
氧区由于水体性质单一，直接将冬季的 DIC 和 δ13CDIC 分布作为“本底值”，夏季










































Hypoxia, typically defined as a water body with dissolved oxygen (DO) <2~3 mg/L
 
is of great environmental and ecological concerns, and has been received wide attention 
among both the scientific community and the general public. Decision making towards 
mitigation and/or remediation of hypoxic ecosystems is however controversial and 
challenging due primarily that the direct cause of hypoxia in the coastal ocean remains 
unclear. It is well understood that bottom hypoxia is primarily driven by organic material 
degradation but whether the oxygen consuming organic material is solely sourced from 
eutrophication induced primary by production in the surface water that would subsequent 
sink and get remineralized remains contentious despite decades of research. In this study, 
we chose a well-studied hypoxic zone in the East China Sea off the Changjiang estuary to 
examine the ultimate sources of the organic material that consumes DO by measurements 
of the carbon isotopic composition of both particulate organic carbon (δ
13
CPOC), the 
oxygen consumer, and dissolve inorganic carbon (δ
13
CDIC), the end product of POC 
oxidation.  
Our fieldwork was conducted in August 2011 during a recovery process of the 
subsurface hypoxia in the East China Sea off the Changjiang Estuary. With the aid of a 
three end-member mixing model based on potential temperature and salinity conservation, 
we were able to predict the relative contribution of dissolve inorganic carbon (DIC) from 
different water masses with different δ
13
CDIC signatures. We derived that the isotopic 
composition of the remineralized organic carbon (δ
13
COCx) that consumed oxygen in the 
hypoxic zone were -17 (±3) ‰. Assuming that the end member of the on-site production 
of organic material has an isotopic composition of -18.5 (±1)‰, and terrestrial organic 
carbon is featured with -24.5 (±0.5)‰, we derived that 86% ranging from 36~100% of 
organic material responsible for oxygen consumption in the subsurface waters of the 
hypoxic zone was autochthonous organic material, which can be attributed to the river-
plume induced primary production.  
In this thesis, we also did another case study to assess the sources of organic matter 
that consumed DO in a small lake (Lovers’ Lake) in the campus of Xiamen University, 





















CPOC along with other biogeochemical parameters. From late 
spring until early fall, water column was stratified and DO was depleted below 3 m. 
δ
13
CDIC in the surface water was around -4‰ but remained stable at -12‰ below 4 m, 
while δ
13
CPOC in the surface water was -27‰ reaching its minimum at 3 m (-32‰) then 
increased slightly with depth to -30‰. If we also assumed that remineralization was the 
only process causing the difference in δ
13
CDIC between summer and winter below the 
thermocline, we derived the isotopic composition of the oxygen consuming organic 
material, δ
13
COcx as -27.7‰, which was almost identical to the summer suface δ
13
CPOC. 
Therefore, the degradation of the autochthonous organic material almost took the full 
responsibility for the seasonal bottom hypoxia.  
However, during an extreme case of the lake after being impacted by Typhoon 
―Nanmadol‖, allochthonous rather than autochthonous organic material may largely be 
responsible for the oxygen consumption. These samples were collected on September 1-
15, 2011 after a typhoon. During these 15 days, DO and δ
13
CDIC decreased and DIC 
increased in the subsurface water. Based on a simple isotope mass balance, the 
degradation of the allochthonous organic material should take 65% responsiblitity for the 
oxygen consumption after the typhoon event, while autochthonus organic carbon only 
took the other responsiblity.  
Both cases demonstrated in a quantitatively way to calculate the isotopic signature of 
remineralization of organic matter which caused bottom hypoxia. The new approach was 
adopted also has applicability to other systems. We found that the new production 
enhanced by Changjiang nutrients should take the main responsibility for seasonal 
bottom hypoxia, while the terrestrial organic carbon averagely only take 14% for bottom 
hypoxia in Changjiang Estuary. Applying the similar research approach, we found that 
the surface plankton bloom in summer should almost take the full responsibility for 
bottom hypoxia in the small lake under study, while the terreistiral organic carbon 
occasionally should be responsible for the middle layer hypoxia recovery after strong 
precipitation. This study confirmed that nutrients are the primary cause to the 
















for nutrient management. 
  


















缩写 英文 中文 
T Temperature 温度 
S Salintiy 盐度 
DO Dissolved oxygen 溶解氧 
DO% Dissolved oxygen satuation 溶解氧饱和度 
AOU Apparent oxygen utilization 表观耗氧量 
TA Total alkalinity 总碱度 




Stable isotope concentration of dissolved 
inorganic carbon 
溶解无机 13碳浓度 
Chl-a Chlorophyll a 叶绿素 a 
TSM Total suspended matter 总悬浮物质 
OC Organic carbon 有机碳 
POC Particulate organic carbon 颗粒有机碳 
DOC Dissolved organic carbon 溶解有机碳 
DIP Dissolved inorganic phosphate 溶解无机磷 
DIN Dissolved inorganic nitrogen 溶解无机氮 
Si(OH)4 Dissolved inorganic silicate 活性硅酸盐 
δ
13
CPOC Carbon isotopic composition of POC 颗粒有机碳的稳定碳同位素组成 
δ
13
CDOC Carbon isotopic composition of DOC 溶解有机碳的稳定碳同位素组成 
δ
13




Carbon isotopic composition of  
remineralized organic carbon 
耗氧有机物的稳定碳同位素组成 
CJP Changjiang plume 长江冲淡水 
ECSSW East China Sea surface water 东海表层水 
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